. Here, we demonstrate that prolonged pression is upregulated by light prolongation. Second, E4BP4 can repress cPer2 transcription through a recoglight period-dependent accumulation of E4BP4 protein is temporally coordinated with a delay of the rising nition sequence in the promoter. These observations predict a scenario in which light-induced E4BP4 supphase of cPer2 in the morning. E4BP4 was phosphorylated progressively and then disappeared in parallel presses cPer2 expression, resulting in a delay of the rising phase of cPer2 the next morning. It should be with induced cPer2 expression. Characterization of E4BP4 revealed Ser182, a phosphoacceptor site lonoted, however, that the delay of cPer2 expression takes place ‫4ف‬ hr later, relative to the light-evoked upregulacated at the amino-terminal border of the Ser/Thr cluster, which forms the phosphorylation motifs for casein tion of E4bp4. The current model assumes changes in E4BP4 levels that take place at times appropriate for kinase 1⑀ (CK1⑀). CK1⑀ physically associated with E4BP4 and phosphorylated it. CK1⑀-catalyzed phoscPer2 suppression. Here, we show that timing of E4BP4 action is controlled not only by light-stimulated tranphorylation of E4BP4 resulted in proteasomal proteolysis-dependent decrease of E4BP4 levels, while scription but also by phosphorylation-dependent negative regulation exerted by CK1⑀, a kinase essential for E4BP4 nuclear accumulation was attenuated by CK1⑀ in a kinase activity-independent manner. CK1⑀-medinormal circadian timekeeping in flies and rodents [14-17].
E4BP4 Protein Is Phosphorylated Progressively with Time
Considering that cPer2 expression rises when E4BP4 protein levels are low ( Figure 1A) , then the timing of E4BP4 decay could be a critical determinant for the morning onset of cPer2 induction. Interestingly, E4BP4 exhibited a diurnal fluctuation not only in abundance but also in its electrophoretic mobility ( Figure 1A ). The ratio in band densities of the lower mobility form to the higher one reached a peak in the late night just before the disappearance of E4BP4 protein ( Figure 1A) . The E4BP4 diurnal fluctuation in abundance and electrophoretic mobility was maintained under constant dark (DD) conditions ( Figure 1B ). To test whether E4BP4 mobility changes may be due to phosphorylation, pineal nuclear extract prepared at early night (2 hr after light offset in LD cycle) was incubated with calf intestinal alkaline phosphatase (CIP) ( Figure 1C ). CIP treatment converted the lower mobility form of E4BP4 to the higher one, and it was blocked by addition of a phosphatase inhibitor Thus, although both E4BP4 and mPER2 are CK1⑀ substrates, their regulation is distinct.
CK1⑀ Is a Negative Regulator for E4BP4
The phosphorylation-dependent decrease of E4BP4 levels ( Figure 3B ) suggests that CK1⑀-catalyzed phosphor- 
